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Carbon Allocation, Belowground Transfers, and Lipid

8

8 8 8 8Turnover in a Plant—Microbial Association

Radoactiee tracers.: were used to st dy the C allocation to coarse and fine
roots, aboveground plant tissues, mycorrhizal lipids, belowground respira
tion, and soil n a mycorrhizal association, Sorghum bicokr (L) Moe.nch was
grown n seil with a nonmycorrhizal microblal inoculurn. with and without
Glomus clarum, a mycorrhlzal inoculant, Flfttyon&dayold. mycorrhlzal (Mi
and nonmycorrhlzal (NM) plants were subjected to a 3h exposure to
and sequentially hareested after 52, 54, 57, 64, and 76 d. Mycorrhizal plan:
assimilated 21 91: more ‘4C than NM plants, even though they were slightly
smaller in size, They also had a bigher percentage and absolute allocation of
‘4C to roct tissue, belowground respiration, and soil, Mycorrhizal roots had
a higher content of total lipids and total fatty acid6, The fungal fatty acid
16:1 w5, usually associated with arbuscular mycorrhzal fungi, comprised up
to 29,5% of the total fatty acid content of M roots, while NM roots had only
trace Icvelrof1hismotecule; •fldAla•er chromatogra.phscwas us. to separateS
the fatty acIds extracted from the roots, The 14C of the various components
was determined by radIography. The C mean residence time (MRT) of the
mycorrhizal fatty acid 16:1 wS was calculated at 71 d, The monoenoic, satu
rated, and total fatty acIds had MRTs ranging from 11,1 to 14.3 d. The lip
ids of NM roots incorporated less ‘4C label, This undetscores the difference
in the lipid C q’cle between the M and NM roots, Translocation of the “C
to soil was 6.3% of the photosynthesized C in the M plants relative to only
2.4% in the NM plants, giving an indication of its movement into the mycor
rhizal hyphae as well as to the soil.

Abbreviations: AMFI arbuscular mycorrhiaai fungi; TI, mycorrhiaal; MRT, mean residence
time; NM, nonmycorrhiaal; PVC, pnlyeinyi chloride; TLC, thinlaverc.hmmstograph7
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and Rosendahl, 1990) hut ado fix more . as photosynthatc

Pinlay and Soderstrom, 1992.; Staddon er al.. 1999)
Molecular techniques art providing qnantitative analysis

mven rrhia.al communities nit nines involved in tman.s
hs!csttim; mc at 20 i i K ranier and

.rC’ ann “(1 to b.i.ht’rcntia.tt the use
niann aid snnGtnetn “.r ;n:tinnts, inn tnt nat or -

nnoh invniecd \Vit’s:tnhttg mt ii., 201 p1, darts’ acids arc

(2005) used ‘3C tracers to study C dynamics and incnrpoma”

non into signature, fatty acids in a 67nsnna’P6antago synabinsist It

is challenging to directly measure the, C. allocated to intraradical

naycotthiaal cells, The close association of the toot and. the limo

gns limits ftc feasibility of a physical separation (Tinker et ad,

1994). Most stndies have involved laboratory systems with and

withon h.e..nsycocrhi.a.a hmgi (I. .ang.a.nd.. P.an.l.1.9.80s.Ii.anl..and

Knct 1981).
L.ipids play an inaportant role in the C economy of their

huseular mycorthiaal assocIation and arc osed as the main C s’to
:sgc tnolccu,les (Coa et at, 1975: hayn ct at, 1998). The higher

lipid content of ms”cnrmlsizat indicates t.hat infected toots has’m’
than nonmt’cntenlma: toots. Many

spe ties chAMP contain high aninunts of the fatty acid 16: 1 5.

which is absent in nonma torthizal tours :“Bciibv, 1980: Nagn mc
an, 1980; Nornhv et al., 19$i:Gtan nsnngito1’crani cc al., 199Th

Caidcnt:n ct at, 2009’. Fcccnt studies have shown that tht te is
a tanul is’scornoratinn or n’atnassnni:aten L into son ianspnn

lipids, with the: greatest accumulation of radiola,hel occurring as

;:scntnotat;on and tum:snvet into t;p:ns nt mycntrhiaal and non

:n’venrrhiaal C4 plants.

The AMP lipids ofik rt.hc opportunity to determine the

turnover of a large cornpo ncnt of the A,lviP by the poIse incur-

poration of 14C, thllowed by s:m:mlucntial naeasnrements’ of the ta

thoactive signal in AId P-spec hit’ and’ plant lipids, line and; c-naese

roots, soil, and respited CO.2.
In this experiment, v.’.e ai,mt:d to explore tsvo- hypotheses:.

The s:carcitv of data ahont tht ts:tinaated C contribntion. to soi:I
in’ iayeorrhiaal C4 plan.ts prompted us’ to hypothesixe that 614 e;f

hntnsnthate C will ht. ttans:fttttd to tl’se soil via’ grnavieig, a4dIt
pn s d npha I I mis 0t n I I

C

,dn’ns’e specific facts’ amid, and its C tumnsn’e’t rate tottespond’
Si

, I i

t”ot’. ficsdes tntse teen hvpnthesu, is e had the fdte,ssnnu seei

by’ naycormhiaal and sson mveomrhiaal sorghssm., (ii) measnre the’

turnover of C in the AMP-spemihe and nonspec’ihc lipids of the

nveeerh.iaal roots, a.nml (hi) eaieniatt t:he ttsrnovtt rate of the he’

tasvi.’toeind constitnents’,

MATERIALS AND METHODS

sitytO :5-nsm “ sinGe I oa;ss :‘ phi itt2, matine exelsange man;se

kg”° i7. tntt h’- (In ami 12:1,5- mc

s’i.ail was’ sterdiacd ha irradiation n’iths n;,:p-, 13 h, ShIn ‘,C ist,

Seeds’ of S. 6101cr avert suri’tsec stcril.ize’d (70% ethan’ol Cm 50 s,

then 2094 bleach for 20 m in). The s’eeds were gernainate:d in

pei’ei dish ‘for 2 dover a: sterile filnmr papen Two germinated seeds
‘we’:re planted per pot and thinn,td to on’e after the first week of

the experiment.
Tbe.pots. in .the.. m ycoethiaal treatment (.Is4) aa:cre inoculated

with G/ommra cia:nana Nicolson & Schenck (INVAM’. BRi4TmB-4)

ha adding a 50-g naixture of’ infecnmml roots and sod-borne spores.
The. nonmycorrhiaal treatment (NM) received no roots, but a

m:hlamydospore-free filtrate of mhm mveorrhiaal inoculum was add

ed to snpp.lv nonnnvemamthiaal soil us etches to the NAI treatment.

A tnrai of-tO rsj ants 2(5 M arid 20 N SI ss’ete placed inside

a 5.-a-rn’ Plca las chansher with a seal-em!- we,od frame and base

and piamed inside a greenhouse. The chamber was open to a:

low air exchange and’ equilibration to greenhouse conditions

until tiac tlrnc ut that nude iaheing. The plants’ were gross n

a np

Paced e,uts’ldc the chamhrt, T he pho.tnsvntiaeticaliv aetiye ta

the 16-h photopcriud. Tine: tcnspctatume’ tanged fmuna 23 to

2.S”C. Each pot rcccivmd 2s00 ml- eTa fI’,ficc nutrient s’ointitli’i

(‘1.5 mmol 10’ CaC1-,, u.s mnt’isol L’ K,S04, 2.. 5 mmol 10’

Nl°4N0, 010 muaol 10 slySsaa 25 ins-os 10’ %,BO

2”4molltPeDOHA204naoiL’ZnSOp0.5nmol10’CaSO4
0.4 arnol 10’ H2MoO4,and ((6 moi L CuCI2,phi to 6.8

with KOH) and was watered to field ca’.’pacit’.y with distilled

syater every 2, d. Plants avert sub)ected to’ a single. ea’posure

of ‘CO2 51 d after plan.ting ‘nmhen they’ avere approach

ing, the reprodncti.ve ph.as’e. A tomt,l of) 92 fmrnoi k’ of

he 1cm1 Gin the fort,’, of Na2)5’C.O,,, svimh a specific acti’city”uf

0,154 (‘lb9 Imga2 (‘I seas nsmms, Th c .lahcle.sl N425C0, ssoss
—— —

c ,_ a c -,

bm, Cs’ a lccni”c I it snr
uce C,,

mht- aC it’, solution ss’ith an matess 85m:, hattie acimi, a. tc’tai

‘f I Thi,,2 ts’lhq ‘a-emm:addcc tn chamber dutinc . 5-h ,al’sI
— I’ —

‘ a
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Five harvests we.re perfiamsed 1 3, 6, 12, and 44 d after the.

0, eaposurt.. At each harvest, ttse s.hoots were separated from

the. roots: by elippingaod the soh and shoots were placed at —20’.
‘h’s e. ts were dried tf

c/j” 24 is i. osood, a od then stored at
oooi:Oe nutrient sod hiomass analyses, ‘ihe txots cot

20,

Afiet svashhsg. the roateoai svos Oot eeoet atso the.

515000 sooTh, s h) and digested foe 1. h in 25 osL of 3 osol l”

HNO2 i.n I g kg” LifE. The digests we’re filtered and mixed

eeirh a 0.3 tool L1 NaOH solution i:9’ vn’). These were then

anai.yaed colotis etrically with a. Lachat Flosv Injection Ana’

iyaer (Zeller Analytical). The tota.i shoot P ranged from 10.3 to

.12.2 mg pIano’ and was statistically i.ndhrioguhhable hetsveen

rhe Id and NM planes.
Crouod shoot and root sanp;cs’were analyaed fiar specific

ssetivit and C content, The samples svcre combosred with a hio’

logical sample converter (Europa Scientific Roboprep’CN) in
ties with a mass spectrometer (Europa Scientific 202.0 Stable

Isotope. e\,nalyaer), “The C content of the samples was determined

eomnarison svirh sucrose star’ dards. fEte CO, evolved bx

eomhnstrngthesanapies was trapped in Carhon 14 Cocktail : RI.
1-brace Instrunsent CoO and the rad;oaetivnv was measured In

irqni serntrllatmn. The effectiveness of the traps was estimated
he analyamg ‘°C leneine of known mass and specific activity,

r s2e .0

ehronarogranhv to measure the relative amoonts and kinds of

de’taded he. Cais1erOo et sti. (2009 hAn intetna] th.rry acid stao

ds,ed (15:0, 0,001 g soLO’ Os hexaoe( eea,s o:sed to obtahs qoaro

titative data,
.4 separate set of sam.plc fractions was used to measure the

ratlioaetivity in the total lipids the lipid fractions and. then’

its thefl’ fats),’ acids hy thin layer chto osatography (TLC). The total

lipids o.f toot s:ample fraesion.s (30 mg) svere extracted using the

e hod os Bhgo and Oses 950 safi I ol or 1 15 mol

aee.sic acid and 3.75 mL of 2:1 metlsanol/ehlorofdrs.. was added

t.o e’seh sample. ‘The miaoote yeas voetexed, then 1,2.5 meL. ol ch1o

toforos sod I m.L ofwatet wete stlded, The .mixture ss’as vorte.s.e0

.atosio, then eentrifu.ged as lou’ :yr’o t.ot sepamase she phases. ‘ide
hvtte’m cit ioso,to:ssss Ia ‘et eoots i. Is. :‘o.’ tIe t’st:sl ‘ i:oid sseas dtied tot’

5, o’st s :s,ir,’t’sse:5ts5 ot toe set’

o as nseasnred geas’inseroallv and tie. s0 eihe seto ny o.,f the hsssdi

r’.arer:a.l in the fires yeas, determined oong the an.se oroeedore 54

net tire plant isiornass, With these dass.. toe 55usd nsas and

The fast ai.:id methyl e.vte’rs (hA.M.F(s) sante obtained by

ssseslovlating the lipid, extract using the procedure of lvldrrhoo

and Sosith f19fi4(. 2’he methylaho.n oroducts svere dried,

sospe:sded io hea.ane, anti used Let 0qOo. se.isstdlatloo anaivhs’

r,, seLf C

e’t.’ots as seel: as is. chain senerts. P,,ste

hvCahoe’o assd Ohlrosg.’e( I 9a/ The p,a22,iLt hands ve”eee ieieoti

S a,,
‘,

,c
..

‘tons ar. eC’,:sS “i:’i.: clone .‘,.J5f’5’ I L’s thar PtOtt’ tse’t’s’

i. 6:1 .e.5, I i.e.’)’, and iS: ,.,‘9 as. tis.e dseessiesaot enonoenois’i(stty

s,e’ids ss’xs: included (Schuite et xl.. 1996):, ‘i’he argeotation TLO

seh.ieve.d a Cdl resoiso.tion of satomated, dieooie 16: lesS, 16: le’7,

IS:1w7) l8:lu’9, and 20:1 F.A.M.Es:. The plates were snaiyaed by
radiography: using a Packard’ Instant lmager (Pack.ard Instrument

Co.) at a scan time of 1,5 h so measo.re the radiah.oo contributed

e2,ch Ia ty ac d band Lsqosd sots latson ao$ssss of eorrc

sponding extracts aoalyaed by’ argr’ntation TLC plates sans used

toe’aleoiate the radioactivity per writ of root osass of the differ’

ttnt F’AME. bands,
Firstt’order exponential dccxv curves were fitted to she

fatty ae.id eadioiabel dat:.s os:iop the’ Cioh.a.i Cors’e Fir ft’atute of’
x ma S as s N s S S 0” an “ a a

Jasses from the lxi roots, the firstoi der 6r had a higher R2 than

,siriscas order fit, The mean rridenee tone seas eaieuiarcd as

IrlR’i. = 1. s’ where I’ is the decomposition rate constant frons

the utst’ordcr decay hr.
‘Else. sof: asososohere tx’s, sansr’ieei from the plants. designa,t

ed 6sr the last harvest through a riorr located at the bottom of

the’ cads PVC eviindt:r os’the 451 and’ NEt piantts ahereated

the’ l:ast haev’es’r sod sv’ss. measured starring at S l’s after th.e psis.e
i’ahe’i, ‘l’he s’od atmosphere o,’xs’ fit.sshed for 10’ n.m before eh.e

hess sampling period, then e.xeh pot was sampled by continu

tsu.si extracting air fiom she he).osvgroond airspace as a rate of.

0.02. o 44’, The CO, was trapped with 350 mL. of 3 m.ol Er’

,I’iaOH, and fhe radioactivity was e’stimated using a Packard

1500 Tfi’earb Li.quid Seins6h.sion Ant Iyxeo Six sampling pe’

tiods’’of Sb were separated by’ 14 intervals bessvee.n samplings.

The total helo’wground respiration toss ealetulased usi’n.g sh,e. re

of respired’ ‘5C h’etweeo S and 59 h aft’em sh,e pulse label,
‘lists slsoest respirar2ion ss’as toot des.etosined sep. aratel.y for each.

5sssst. ‘I’). calculate the shsaot eespitstsoo, we a.as’u.med that the
45,1:0 ahtt:” that s’e’as ss,et e,eeooss sod at ‘h’,’ the shoot. ran

5 .,l Nihu of shoot 5f) respsrarroo.

Rerot’fsee soi.I ‘a’y’’es “crc dmsed as 05. ‘C and the.

Soil Seisooo Society of An’meriea fooroai
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Statistical Analysis
The pots were placed in four blocks as a randomized, spilt-

plot design, with sampling ttme as the main plots and mveor
thick rrearmenr a.s the snhpiors. The sampling times and
rhizal addition rreatmenr.r were analyzed using the Spir-Pior
Anaiysis.ofVarianee of SAS (545 Institute, Cay, Nc.:i, 55:.itjs 0

4 plants per sszycor :hizae and rime treatment combination,

R

r n r P e ½
-I ., ( a l r al

th o ‘ , o o is’ d P
‘C ‘‘ silo ,no d r

I I , ‘ p 5
I I I

‘ -.

‘rcn.’at:rrn

20 ‘05. respira .i n 5..!.: 350 .. :!.) ‘J .2

Totai per plant 4.6 53,Sr

S Avssraees with 557 irs psrerrrtr eves.

* NA, riot arvai:Iable.

0,z i.,r”rr 0.

37ii552

I I

c.
,rnn ,r \\jn

Ii I IltI

Inn a! us n ‘. nh non i rhiz e .ntfen d e at mont a C as
s:nxlIaLe nd tOed,5sthnuon ot rhs hx.ks C to the sorghum

‘t It (
‘I’. I h’.

I I

I I4t ‘.

Radiolabel Mseorrhizal plants
sink Total Allocation

Nonnweorrhizal plants

Totat Allocation
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that r: roe 3535 so S sue) this dittrrrocr

was rurasuree thro-ugnout rise chase pcr:oe

with the obse.rved higher heiowground res

piration in Ni plants, demonstrates a higher

alioonr:on of h.vr.d MC to rhe 113 soil eels

snesuureri ar r.ho hrsr harvest ( table 31. The.
time elTeer was nor igniheanr (dara nor

shown), however, su sring th.ar soh ‘4C

m)ners)hariors. svs.s nesdissihle dories; ehe

biora would rend to m.ai: tain its (s(’ level.

Allocation to Roots and Root Lipids

0

I 5’s 555 ‘55 ‘s

.5’ ‘,s; hrr’s- acid 10:) .aS than NT! roots

(Thhb: 5). The averaie ees:se.entra esos of the

0

a
5: 4

Fig. 1. Radiolaheled. COa respiration rates from myeorrhiaal iMi and
noreuveorrhiasi (NM) roots.

rood linidi. truce) harry acids, and the bhsmarierr i.6:iu.5 were stand’

rio::opirout the 35-h oboe pen0 dodie 5 the totO amount

lipida.in th..e woes increased, however, because of the growds in roest

bimnass (Table I). Ar the âme ofthe pulse, 16: M’S made up 295% of

the coral fatty acid content oftise 35 toots (Table 5). Prraiosu smdics

r}nm our iatsmarurv shoved thaa iri:i,oS percentages of i 3.333 coo

t:csrosoo to mu. 05000i0 estimates ut ‘4433 tsar root eolonia:auon (data

noesirown), so the 35 l roots had substantial fungcd inft:ctien.

The radiolabel content of total lipid, total harry acids,

monoenoic larry acids, sar’urarcd fhrr,y: acids, and 16:)u.5

hsghcr in 35 rclarivc rss NM hue roots (Pig. 2), In the M rreat-

mcnt, total extractable itpid. total fatty acid, and 10:1 oS tarry

d5 thbowcd a similar pattern of high radtoiabci incorporation

hcfure the h rat harvest, followed by a decrease in the label con

tent throughout the chase period. In the first harvest, the total

lipids and fatty acids 0 NM roots: incorporated 30% or less of

Table 4. Specific acth’itv of toe tissues and sosid trorts tot co-rrb,iaal iM) ann 0iaflrt,3eor
rhia’ai ‘NM) piesnts. irs ss 4 plaoiss per treatment: co.mtsmalioo The i ants were: d old

so. the time of t.he pulse-ea:[osure Ira

Specific actIvity
Days4D57

. _2sy64.
———— COo, IsO’ C

N5, o.s ions 0.3 it).) 0.5 (00: 0.4• IC’,2i 0.2 iP.))

NM 9,3 (0. ‘‘5 (00)
‘

.4 45, 1 0.4 (00. 1 .: 1), ‘.1 ‘9,1 i

tel ti.O) p iO.OOtd 0.0)1. 35004) (1,1)99 itl0fi3i 0.0) 1 f.004i 0,0)4 iO.1i04

NM Oft)t) :9.004i 0,1394 iO.000 5 0.01) :9,00)) 9.662 (0.00)0)’) .91)2 0.00)

.sor.l r:rs 5.:sretsca’5:r “ no ethics ::‘r :otOrar5,

4 Averss,co with StM :r: pareott:ressss.

TabS’ 3. Total tadioiabei coosteot of the tb3sues: and soil trooo
0 v’ ct “-‘ns s O, twa 0” se— “35

piant.s were 3.1 d odd. at the time o”f the pulse srxposure (‘0 ‘‘CO5

—-

“-“‘—‘ (“,stsr,sOt.,s’NSsi’,Radiolabel Rsdiolahel content

einkt Dat’ 52 Day 54 Day 57 Day 64 Day 76
.- — —M 0::: (:aaor’ ——V---- —-

Whe:ir: reset
)s3 1.3 10.6) 1.4 111.)) 1.5 )tt.4) 1.2 (0.31 1.1’ ((0.3)
Os.’. 1)1:02:) (.0 50.)) (.1’) (0.3)- ‘(.1 (0.4) 5:5 (0.2”)

Sea: I

(45 9’,4 :9,)) 9.,) :0.)) 0.1: (0.)) 0.2 )0.)) 0.3 iO.))

NM 0.2 (0.) .i 0.’) (0.0). c’. 1:0.10 01:0) (0.26 0.) so.o’
4 (ISo: ::torstal r.ari:r:(sshe) (sad no sis)n(fOar’.t msir: s-s’l3ets aerrodiog

eh’sso: and no s.ie,nifieaot ii toe effect r:r intersosi: so.

4 Averes with lied in- pars tf:eses.

Allocailon to Beiowgroond Respiration and g0p

The amotsnr tsr0 ‘CQ. recovered h,.s:s: r.he bc):swerrsuod,

arse,sssolsere oteorcased e sooeseotiasto between 21) nscr Isti ts: tee

iorving labeihnt’ and seas cou.sisrcssriy isigher in rise Nt oe)ativc to.,

the N.M treatment (Pig. l)s. Each ±4 plant evolved a rectal of 0,5

MB9, vvhde NM’ phnra respited a total of 0.40 MBq. Por both

treatments. “52Gc of the total beiosu’gronnd res wed 1C was re

covered wirhsn So h after tlsc pulse label, ‘TIse resist hiornass of rise

‘)sf e’iaurs was equal ret rlsar cst’ rh NM plants )‘ Tables i and 45,

whicis suggesrs Isigher specific rsre.s: of respiration due to fungod

association with roots,

The averace specific ‘activity’ of rhe hit soil seas at ie.asr rsviee

dnkt Day 32

\Sibesje u’ss’s

Day 76

Trill Seiessoe Soeieto osf 4merlesfouroal



Day 52

- SM

TOtal isis seP19 6202) •4.3iO4

Mecorshia
‘C

0(5) 1

the label incorporated by rbc corrcspondiog fractions in rhc N

rrear.me.nr (Pig. 2) The monoenoic, saturated, and 16:le’% fatty

acids in N hue roots incorporated m.ore labc.l than NM and had

a marked turnover of radic,iahcl that wa not observed r’ the

NM trca uncnr fig. 27 The Incorporation and; turnover ot ta

diolabel in the saturated fatty acids of N roots followed a stindar

first-order decay parrern to rhar of 16: lu’S (Pig. 2. The 16: lu’S

IsIRT at 7 i nnowcver. seas lhstci than fo the rest of rhe fart;

acids. which had an MRT avcraoc of 11 to 14 d. In all cases. the

c.ooc.cnrration of the radiohsbel approached the steady-state h-v

els ofdhe. NM plants toward the end of the chase pcriod

Jhe tedomsnsor poh:cnoic hans’ acid in she N and NM

tc,ot’ ss as linoicic asiA 11:2 laMe cv idc incorporation of

in poiycnoit 1srrv acids or hi tour.s toss small, srnoucrmn% ro 0

of rise total idttv acids at I d and showing lirde turnover in either

No NM roots (d.ara nor shown). The mass of 18:2 fstt acid per

irs production. The N ootal, root lipids ieeorporarcd P7.1 Bq

planr’ before. Has’ i of: r.hmr chase pcdoo‘, while the NT moors

mnaorssssrsrco 28.1 KIss h.rs nor shown 7 Thc scsi 0-.. acids

I i -. -i

rotaisc•arcy soils e 941 roots acccionrcd for .9999 of the radioiabci

incurs orated by the total lipids between ii and 1 ci of the clsasc

periodS. This i.mplics that other non-ihtty-acicl, hpid-s:olubic nsol

arc aOm.) tesnonainie tor toe iso atisri: i.5.Of.ii tiidi.O

coi anon of lvi nor lip do the hi treatment Nd higher lpd

concentration and. also io.ighc.r lipid radioiabc.i content in the fine

roots than the NitI trearnsesat. Thruover of 16: loS was signifi

cant dnrins the enasc period. In this cso.meh:.ssenr rho

of spore. (‘ of sod rc.cm.srdcd 6.sr all rise .harvest periods. Be

cause of this, mycorrhixsl spores accounted for <28% of the sod

radiolabel consent, and we were nor able mrs detect. any turnover,

DISCUSSION
Our results have given us insight into the two hypotheses

resred in this experiment. The difference between the below-

ground C allocation in N and NM sonshum roots indicates rhat

the (P1db was trspunsibir. tor a trausiocation of nearly 4h. of the

phu ruassinsilated C. This i.ldls svirhin rise values in the iirerarurc

for a varier ofplamst-ThNF combinations, Higher values report

ed hsr ecru rnveorrhizal trees .m.av be due us the s-i gnihea.nrly dii

ihrenr nature of eeromnvcorrhisac and their veouds p1-ant hosts. In

is different from other fatty acids, This mnyeorrlsiaal fatty acid

undergoes fast in corporation of C and turnover that is nor oh-

used as ass indicator of C demnxnd assd utiiiaatioms isv rb,e fungus.

Plant CrDwth
shoot hiunssvs us rise hi isarrs Osd.Psres sitar there

is, use eenss.nu. in usc tui99ua i.ii.

the N .se’mhiosss’.. Pres’io’esi experinsents have shosvn. thor planes ma):

meet the C mseeds ohrh.e m. eorrhizsi symbions by assimilating more.

‘ ls ‘so

— 5 lo t e au,j us us

tosanrthede rate is explained by improvemc.nr in the water balance.

increased 1.eaf tissue 0, higher spec.ifie Ieaf area, or p.hytohormones

ss.u,clateu svirh rnvenrrhimrai infireriuu )Iarris srr si. lOSS i. \).•% oh

iO i5i.i Oi.titti’ difi7’nrist-s- i p hn town ls’i. a—d •%. i

Lipki

lsislr 1(1 1.ipid cemeentratirms in fine roots oi rssvumsrrhiinl (%iisuri uonmvuprrhixal (NM) plsnts io •4’i, Only the ilpids sviih a eoueon

t.rst.ion us’ >1425 g kiC of thu can-sph-ng lien’s> are: sho-svn. The plants vvur<- 5) 6 u1s1 at. tb-u time cmi the pulse exposure 155

idroncent
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1. Radioiahel decay different root (hid classes ens—ce trite
aai iM, biaci creies1 and nonmyeorrhiaa( (NM, white eireiesl roots
determined by thiniaver daromatography and radiography.

tnaas, even though 98 roots gresv more rapidly during the chase pe

riot tht nOr ha e so sum t stossee sehere to ordstza r inc

e \

errengrh of m eorehizal roots creates an addioional demand thai

drains C from the nlant and. can hm.it vegetative growth, and this

Radiolabel Assimilation
Ocher poisevehase estperinsenrs have shosen rhat let planes

he mere (. and allocate route O.een tee V toots eneonatee;

U

chase periods, host—fungus eonsbinatinns, and plant ages (Pang

an.d Paul, (980; Sneligr’ ccc er C, i982: Jakohsen and Ros nth

sisosved that there is sigttifieatteiy higher C- Rita from the plant

ene An it- contested cc; tn e;net teen; ;ntvit; ;t;ng ne en mts.i

;nettase its C win-c atom t’ tetveettnizc mat nteveenten tot be

sevetai taetors; (4 fnngai inspiration, (it) root respiration, (iii) al

location te, mveel;ai bionsaes, (ivt; allocation to root biomass, (vi

)eenhae. Ms enrrh;ea(—theenbiai pia;sts has-c been found to have

a higvher haation rate dsan oninoeniated piants; howevep nbc

growth rate of the symbiotic plants svas less than that that e,f the

ci a

to the .;sf,o,_t

. Hattie eta. (figs wtnc i;gnuv oman 1 98:2.)

thnnd a- similar pattern its vl/diesrn infected with &Lsrau-a, Otiser

sendies have found that tel plants had similat or higher growth

cater tdative to lebi niants, ;nsnivtng ri-sat the host eomnensted

tosvnthetie rate- ;Pang and Patti, 1980; Panl and tencey, 1981).

Hipher sod1 fertility may result in a parasitiedthe telationship,

ma- act asamntnabst v, hen tt eats helen htatn

----Shoots of98 plants received 48% of the tC, wntsde the toots

rsecived 29% and the soil 4,394 (not thing in accnstnt respired

‘0. - Watcttttanntn a.nn t-’ast; —5 ft ft. “attn tow o)”t ftn

anti 3gM hcinvvgtnnesn to a mtxen prat

tle systens. die lack ofdecav ha the shoot radio-label s:nggests that

the majority of f’se C remaining in the plants: 24- h after the. ‘C

poise was Incorporated tnto inng-tetm stntagt or sttnettttae tone

penents. Root specific acrielte remained nnettanged throughout

the chase period-. Pit- renabonrg and Paul (i977) fonnd that the

half-life of prairie toots in the field was 10-7- d, snggesring that the

time frame ofnot exnerimnenr tnay have been too short to detect

and tnrtcnstr of a h.oie toots, in. nut smdv. 98 roots h-ad

significantly higher specific activity and total radiolabel content

than the Nbl ronts (Tables 3 and ji-). The roots- in our stndv w’ere

S
-

;;2—----s:t :vttst’- -

tttittt

5;:e f--:l

Allocation to Belowground Respiration and Soil -

cc’

pnlse—chesse expehments w’ith differe. tat piatst-—fnngus conahina—

tint-se (Pan$-. and Paul, 1980; Kttee-v at-ui Paul. I 982.; Snelln-tve et

vets — —

the initial: 21 h, sttggesting that this ;vaa a taeriod t--sf photosyn

thate translocatien from- shoots t-o rotates Knavakov and Cat-deli

ishe-d and the label had been ttansioeated to- toot -and tnvcoe

-rhiaai eteeetnrai and stcttage an-h. sod. f)- pools: snch ;ts chidn and

tiem of aneoeropiaie front hetetotrophie respiration (Hahn et ai.,

21 tO It s nard m det nntn” eehetber me as btz t fungi1 tee

1 hiP sod Se-lane-a Society of America Journal



rrce,s-c n L ctrecrlv tram tde toant cost and disc; not

a -Os-: tot- sat psant ns Ide ci; Ida ast cling of the

fmsgal ihtt acids associantd with the AAI.l/ in our sr.u.dy. toger.he.t

with signihean.t movcmen of the tracer to the sod leads us to

na0 uga inpir rep t a n

Mic rohi.al decomposition of root cau.dates can be an i.nv

portant soure.e of hr owground CO2 productton .Marhn and.

K mp 19K Deere sed or vudanun ant. rhi oapnere 5

itt et al.. . it tnt tatter cast a true.

an increased specihc respiratisan rate -of the naors or the teap.irn

titan of the AIvIP hyphae. Previous studies have shown contrasn

up ewidence regarding increases in soil C ailocarion associated

a ‘ — ‘1 —

ccbile iakobsens and ft-. sendahi . I O9iit found that risc-

C to the estraradical phase was racier, that or NM taaflLs

represented 3.1% of the totaf c daation by -he plant. Johnson.

er al, (2002) found that the amount of 14C allocated into m

corrhjaal mvechum 0 to 70 h after labeling accounted Cr 34’N

us the 0-C sunaih fised iv thc eiants. Paul and unsure s... 198 -.

of the hard C in a C. piann Tb.:. difference between rh-c 6,325, C

allocation to the soil in the C4 sorghum plants relative to 2.3% in

the NM plants in our study could be attributed to mycotrhiaal

hvphae anti their metabolites in the soil. If we assinne that the

label incorporation rates between the ANt F and the plant toot

cells were- similar and that most of the tadiolabel incornotan on

into thae soil esaded op as fun.gal biomass, then we can estinaate

the extraradical AMF biomass/root ratio as 6.3/283 or 22%. it

is important to ieeep in mind that this may be an overestimate

a slots transfer t.o- soil naicrobial oopolurita 5555 ta.rting a
-

cr an

ter labeling.. Root easidation has been sai.d to reach levels of 5

to 21% of dse photosvnthate (PQklker etab, 2003)’. Hinsingtret

a.l. 33112) ,lsasie es-timared C loss by dcrsos.i-sion rs t5Pl.toalmate

lsasse come trsstn vets- sasungplaasrs an.d N 31 piassts prossn in sand

or nutrient euleures.

it is important to note that in this study the mineraliaation. of

esrrcsmatr;ca hs’rshae mirthr inavc. l.s-een a/hr-c ret! is Las icsss.L;e lactic

oculation with AMP (uIs-a-oss and Johrssun, 200Tb Reduced- sod

fauna could have resulted in diminished graaing of hrngai strue

rnte.s in the scsd and the tsbserve-d low soil 0-C m.ineraliaation.

.0. C t a a

cal svstcrsn base been p.e’rscrrned usin ni-ants. Sorenon ss

and atudtes. are sauce Itig oust. 0; nat can- canon. ushers.

b sseee C and C5 ants 2 ips cc 2006 foe es

dc neeclci abs-rst possible sisrtrrcnces OcIweess C, and C. niants

reisaruang alioeaai-e-n of pbiatos’dnmiaate to iou hephac vs. naor earn

daoes bec.ausv: this nray- have a-n imporusnt influence ha dae ptisma

ing of soil C min.eraliaahon and sepuestration-.

Allocation to Roots and Root Holds

bee-n doe. unacnted h-s firevicsus. studies (Cooper and bosel, 1978t

Nagvetab, 1980; Pengetaft i99!.)nAsignifleant iraetionofthe

lipi.ds of se-aerai Cfanau.s species may be ec-naprised of the unu.sual

faten ae.id 16; let-S )CaiderP.n et al., 200%. antI this molecule laas.

atadicalvs-iee.s ;:laacru.s.iec a.nd Pollee 198.8’;. Because is_ft usc-

c-teased roduetiess saf lipids. inff.etion sniuh .AMi has an associa

ated increase in tlae cost of root production.

it hats been eoniectured that dae C sink strengnh of nvccon

a - ‘ — —

naation.ofidaagaistorage.sctructures.(.Craharrm.and Piodgn.1993s.

Our resuirs indicate that lipids are a dynamhe C pooi that could

Ia a nale in unidirectional C transfen \Xt’iesenherg et al. (2010)

— a I- / /

moses: ttoee- rcna.rs; into rise soil and tlnat rn-eta, tathet than litter—

bdi, are mIsc usain se.ssree ofscsil lipids. POller etal. (1999) shosved

that tie AMP cona-erts sugars inside tie roots into lipids that

rien move to the ea-traradieal .myeelium, avith no lipid synthesis

In the eatetnal mveeiiom.

7he tome vet of radiolahel n NM lds seas Iight or absent

tinting the chase penod. In contrast. the M fatts- acids of all types

s.hoaved a r eas-urable decay in- radioiabe:L 5iVe hypothesiac that a

portion of the saturated fatty acids soda as i610 in M roots also

san esen s nveam c fungal ps sI Tne I ster MR5 sf he 16 Tb5

rhan other fuaagyi structures 1noa- and s tnfter, s y sb). stat t\-5It5:

caf fatty’ ac.id lhrle:5 at 7 d was withiss tie turneccer hnae fram-e

of she fisngad arbusoules reported by Coa and Tinker i976),

who ealen l;sted that fungal arbcucules baa-es a lift- s-latin ofT to 15

s:eeihc bstr acids: to have’ ci TI 8.31 of -i d in a gsrsssdanai mailer

held coneliitions. These mesuIts verify’s the relatively fast turnover

ofrncorrlaiaal structures. Sutid short ournover is rarobably a: prua

s-ec.srhsitcr vs :s.n rfheirrnr svsaah-icsric system.

‘saionaass rr.ther than’ ssf AMP biusnass. ‘This may- eaplain flat cinch

lam C cyelrr of 18r2 ih’tty acid of M-’ nad NM rooms, Tlae fact that

saonolatr -acid toot lipids made tsp a large portion saf lipid laht:l im

raticsn and rurnsa’eer i-ia Nd t-es-sams shcsws thart csrbess lipid fotnaa

a’ atisarses and stetols a.rc sIan onanrtant ‘,n hat C- cauisng sf

sawvesoils. sase;rsue.is.ealssan.srsssal
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.Recyeling of tracer may ocetat between lipid anti non-upset

pools. In fma1..h caeboh drsaes may he converted to flu and •ice

versa via the tdvntevlate parhsvav(%Tete. i980), There is also a

bound ro difidrent lipid classes sued as ttigiveerides, digfyeerides,

or phosphohpids. Tiiglyeerides are. thou.ght tss serve aa iong-ttrm

storage of C, wiade phosphohpids seeve a structural function by

sit eetinia.r merrthranes. sva. t’_,at’,s.’sso’ that 16:

obra;neci nate, a4,n,e-a en s’Vt55’ts tI .as eonsnt at a runeruse atesit

a different mime span. The low sporulation haund in this; study in

dicates that rthe increased 1% content of the 64 soil te.lar.ive to the

NM ad cannot he explained by hsngai sporniadon. Other factors

as tuneaf nvaiaae and L snsmatsitnsana-n as ‘°a sapraptivtes

‘NS
lleiowgtound transfers of photosynthate ate especially im

portant to th.e thnceioninp of roots and mhe assoeiste;d miena

shu ‘n that photosynthote is quickly translneated to root and

soil fatty acids, and l6:Ia5 receives a large portion of the C (Dv

Deyn et ah, 2011). Out study, with the benefit of a NM eonttoI,

tantitms that 10:1 ,nS 5 a mveu rrhzaal purl, The M treatmt-nt

should be viewed as the nutmal state of plant uhvsinlngv because

the NM tteattnent would rarely b.c observed sn nature. \X”e havt

shosvn that the higher toot respiration and large movement at

‘°c. nndetgtound is a consequence of myeotthiaae. The alloca

tion of 63% of t.he photas;ynthame to the soil is higher than other

—

re 3%. “i’he v;.ii ‘tte sat h.3’h: sat’ as:tt attaeats,san te tee se’nts t XIs:. acme

le-iass’gtnuasd tsmnetmn,

‘ide separation of the myeormhiaal fatty ac.ids is use’hd front

boths1uantitative and qnai.imative s;tandpoints’ because it allosvs,

fur the first tOn:;, ealeniatian of dam turnover s:sfaas ieaaattant cv

eamaaesent of the ,—d\lh. (‘ins tecuir;s aaggest

e Meet a I the %X’Iif’ is t.a nse.re;ese eh.eC sm i’agy in taut

despite rdse high losses ed(’. associated svirh t,he naerahohsm. of

the mycorthdavd fungyta. fatty aci.’d 16:65 0 not a long-term

structural molevule and dines not nee;essarily ive a total’ turneaver

hiomart hatt,v ;svish aveaunt far ;s, high ps;saentamtr

at time .Aivi I’ esmartiasna. htsovevem. a’.; the ss:.ea’..veer saasv’ at she

C pool of’ the hnagus. In this e.aps’thnent, ave measured the h’s

compotamion fuilosved by a suseah s:d decrease in the content of

‘C of: the 1,6:1 w5 fatty.’ avid during tlae 24” -d chase period. This

is atasent its shy’ a. ntrnvvs erntaat roots and
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